Synthesis and preclinical characterization of a paclitaxel prodrug with improved antitumor activity and water solubility.
The development of novel chemotherapy strategies based on prodrugs remains a major challenge for effective treatment of malignancies. We tested the hypothesis that this can be achieved by a prodrug of paclitaxel where one biologically active center, represented by the C7 hydroxyl group, was blocked by a dihydroxypropyl side chain which can be hydrolytically cleaved by a pH-dependent, slow-release mechanism. The prodrug was synthesized by condensation of solketal chloroformate with the C7 hydroxyl group of paclitaxel followed by a ring-opening reaction to the dihydroxyl derivative. The cytotoxicity of the prodrug was similar to paclitaxel, when tested in vitro against a variety of human tumor cell lines. In vitro cell cycle analysis indicated that concentrations within the micromolar range of both drug and prodrug are required to induce sufficient G2M arrest. The hydrophilic paclitaxel prodrug proved to be more than 50-fold more water soluble than the parental drug and effectively converted to paclitaxel by pH dependent hydrolysis. Importantly, the prodrug could be used at a 3-fold higher maximum tolerated dose (MTD) and revealed a markedly improved antitumor activity in mice compared to paclitaxel. Taken together, our results demonstrate, that a hydrolytically activated paclitaxel prodrug exhibits greater water solubility and superior antitumor activity than the parental drug.